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Abstract

Stone and rock substrates provide important habitat for many types of stream-dwelling invertcbrates. Measures of
the invertebrate communities inhabiting rock substrates are often an important component of ecological, momtoring
and disturbance studies in streams. A major obstacle to researchers examining rock-inhabiting invertebrates 1s the
time and effort expended on currently used methods of determining rock surface area to derive invertebrate densities
on these substrates. In an attempt to more efficiently determine invertebrate densities from rock substrates in
streams, we tested a direct method of calculating rock surface area from rock weight or displacement volume. This
method allows very quick determinations of rock surface area 1n the field Surface area estimates made using this
technique were mghly correlated to those from a widely used and more ime-consuming method Measurements
made using this new method should theoretically give better surface area estimates than any other commonly used

technique.

Introduction

Investigations of the aquatic fauna inhabiting streams
require a challengmg treatment of the varietv of sub-
strate types, mcluding rock and stone. Rock substrate
has also often been introduced to many streams in
regions where naturally occurring rock 1s absent or
uncommon. Rock riprap 1s by far the most often used
material for stream rehabilitation, erosion control and
stability projects, accounting alone for more than 50%
of all employed materials (Stmons. 1995). Research
by the National Sedimentation Laboratory (USDA-
Agricultural Research Service) often icludes exam-
ination of the benthic invertcbrate fauna in streams
where large amounts of rock riprap have been added
In our study area, introduced limestone rock 1s of-
ten the primary available stable substrate for benthic
faunal colonization and merits study.

Biologists have striven for decades to devise more
efficient and precise methods to study stone-dwelling
invertebrates Calow (1972) reviewed early methods
of studymng this fauna, and promoted the removal

of individual stones to obtain the most precise and
realistic quantitative measure of the stone-dwelling
community. Although this practice has been followed
by rescarchers throughout the world (Carlsson et al.,
1977, Dall, 1979; Gislason. 1985, Wrona et al,
1986; Morm, 1987; Lake & Schreiber, 1991; Payne
& Miller, 1996), Calow (1972) and others (McCreadie
& Colbo. 1991) have recognized the difficulty n
measuring surface area of urregularly shaped stones.
Surface area estimates have been based on rock
measurements such as length, width, height, peri-
meter and circumference These estimates resulted
from equations derrved from calculations to determ-
e surface areas of smooth shapes such as spheres.
discs, blades and/or rods (Ehrenberg, 1957; Carlsson
et al., 1977: Dall. 1979: Garga et al . 1991: Casey &
Kendall, 1996). Some rescarchers have limited their
representation of the natural environment by restrict-
ing rock selection to only 1ocks which shapes matched
such cquations. Even for other studies where rock se-
lection was not biased and, 1n a few cases (Ehrenberg,
1957; Casey & Kendall, 1996) where some measure
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of rock volume was used, the resulting surface area
values likely did not truly represent the rock being
studied as values were still calculated using equations
developed for smooth-surfaced objects

Alternatively, rescarchers used the weight of a
coating apphed to rocks to derive a surface arca estim-
ate through regression analysis Surface coatings have
been rubber latex and water (Calow. 1972), plastc
food wrap (Doeg & lake, 1981) and most recently,
aluminum (un) foil (Morin, 1987, Mackie, 1993; Tait
et al., 1994). These methodologies allowed for more
direct and precise quantification of actual stone sur-
face area but were more tedious than estimates made
using rock measurements. McCreadie & Colbo (1991)
compared the foil wrapping techmique to threce meas-
urement calculations for estimating stone surface area,
and found that one slightly overestmated surface area
while the two others greatly underestimated 1t.

New techniques have been developed to address
the mmportant problem associated with quantifica-
tion of rock habitat area available for macromnverteb-
rates; spectfically the manner of dealing with three-
dimenstonal availability of rock surface area over two-
dimensional bottom area (Wrona et al., 1986, Bailey
et al., 1995; Downes et al., 1995) These newer tech-
miques that more accurately determme invertebrate
densities on stone substrates per unit of stream bottom
area still entail an actual measurement of rock surface
area by a method such as foiling or rock dimensions.

Direct mathematical regression (either hinear or
curvilinear) 1s often the simplest means of predict-
mg a difficult to measure or unknown value from a
more easily measured or known value. Faced with the
task of quantitattvely deternuning surface area for a
large number of rocks during a basin-scale benthic in-
vertebrate study, we tested a method for quickly and
accurately estimating surface areas of rocks using a
water displacement measurement that is easily made in
the field. Our method provides equations for efficient
and theoretically more accurate measurement of rock
surface areas than any other published technique.

Material and methods

A selection of rock riprap of a variety of shapes and
sizes representative of matenal used at local erosion
control sites was taken from a construction site stock -
pile and transported to the laboratory {(n = 115). Rock
composition was limestone quarried from northeast-
ern Massissippi. Rock shape was greatly varied and

multi-faceted with numerous chinks and crevices, but
mdividual facets were generally smooth. In the labor-
atory, mndividual rocks were numbered and weighed to
the nearest 0 01 kg The surface area of each rock was
caretully measured using the foil-wrapping technique
(Morin, 1987) A 19-1 capacity plastic bucket was cal-
tbrated and marked i 0.25-1 increments by addition of
water. The bucket was then filled approximately halt
full of water, and the number of liters contained visu-
ally noted to the nearest 0.125 1. Each rock was then
placed separately into the bucket and 1ts displacement
(to the nearest () 125 1) was recorded after subtracting
the ongmal water-only measurement from that of the
water and rock together.

Scatterplot graphing and regression of measured
weight and displacement to foil-wrapping surface area
estimates were fit to linear and polynomial (up to 6th
order) mathematical equations using an ntercept of
zero, as no surface arca would be expected at zero dis-
placement Although not allowing an mtercept of zero,
log. exponential and power equations were also fitted
to the data to examine their sutability. Coefficients of
determimation (+°) were then calculated to determine
how much of the total vanation was explained by each
regression equation. Selected equations were used to
predict surface area of larger stones than were actually
measured, and the usefulness of these equations for
such application was asscssed

Surface area measurements made using the foil
wrapping technique werc statistically compared to es-
timates generated from displacement measurements
produced by selected predicive equations. Similar
comparisons were made with a small number of avail-
able rocks of other composttions (sandstone from La-
fayette County, Mississippi, USA, n = 17 and granite
from glacial deposits. Wisconsin, USA, n = 5) Sand-
stone rocks used were generally flattened and tabular
in shape, with long relatively large grooves or rills
on their surfaces Granite rocks used were spherical
to disk-like in shape and had very smooth rounded
surfaces Data analyses and graphing were completed
using SlgmaStat‘@ 2.0 (SPSS Science Corp.) and
Microsoft Excel 97® software packages.

Results

Individual 1ock surface area measurements made us-
ing the foil-wrapping techmique ranged from 309 to
2184 cm” (mean = 1006). Displacement volume of in-
dividual rocks ranged from (1.2 to 5.75 1 (mean = 1 93)
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Tuble 1 List of relationships evaluated for suitability in predicting surface area (y) of limestone
iprap rocks, showing equations and assoctated coefficients of determination ()%) for each Larger
coetheients of determmation (+2) indicate better predictive ability

Method Equation Predictive Comments/cautions
ability )

Power, Very useful but requires
Rock Weight v = 373 13,0 6367 09774 equipment for weighing
Displacement  Polynomual (trmomual), Works well within

v= 19495 - 194 822 + 867 57x 0 9566 tested range hut not

suilable for projections

Power. Works well, including
Diplacement v = 696 5150077 09481 for projections

Log, Not well suited to small
Displacement v =550 71 Ln(xv) + 761 73 08928 or large obscivations

Exponential. Not well suited to large
Displacement vy =468 74 0 M9 () 8324 obsctvations

Linear, Accutate only for
Displacement v =473 38x 0 7401 median observatons

6th order polynomial (see Fig. 1). The power equa-
tion was also potentially useful (7 = 0 9481) The log
equation provided only moderate predictive capacity
(=0 8928), and the exponential equation had even
less value (r* = 0.8324). The linear equation gave the
poorest predictions of surface area (% = 0.7401). A
comparison of tested equations 1s given in Table 1.
Comparisons of the surface area measurements
made by the foil-wrapping method to estimates ob-
tained from the trinomial or power equation mdic-
ate no significant difference exists between values
obtained by the three methods (Kruskal-Wallis one-
way ANOVA on ranks, H = 0.00569, P = 0.997.
n = 115) for limestone nprap Individual comparis-
ons indicated no statistical difference between foil-
wrapping method estimates and trmomial equation
displacement-based estimates (Mann—-Whitney rank
sum test, r = 13270.000, P = 0981, n = 115). nor
between foil-wrapping estimates and power equation
displaccment-based estimates (Mann—-Whitney rank
sum test, t = 13356.000, P = 0.885, n = 115). Sim-
ilar tests indicated that fo1l-wrapping measurements of
surface area for sandstone rocks were not significantly
different from values calculated from the trinomial
equation (Mann—Whitney rank sum test, ¢ = 287 000,

P =0.731, n = 17) or power equation (r = 307 000,
P = 0.757. n = 17) derived for usc with limestone.
Although limited 1n scope and low 1 statistical power,
similar results were obtained for the granite rocks
when foil-wrapping measurement surface areas were
compared to values calculated from their displacement
using the trinomal (Mann—Whitney rank sum test, ¢ =
26.000, P =0.841, n = 5) and power equations (Mann—
Whitney rank sum test, = 30.000, P = 0.690, n = 5)
dertved for use with limestone.

Discussion

Based upon observed relationships, 1t appears that sur-
face arca cstimates can be reliably made from known
weights of limestone riprap rocks. If obtaming weights
of similar rocks for a research project does not pose a
problem, then use of the appropriate power equation
provided in this manuscript should provide an accurate
estimate of rock surface area.

While obtaining the weight of rocks m the field
18 Teasible, determimation of displacement 1s generally
more easily done. When the researcher collects a rock
to obtain nvertcbrates from its surface, the rock 1s
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most often hfted nto an awaiting bucket where 1t is
brushed and washed to remove the invertebrates The
researcher may use this same bucket to obtain dis-
placement values at the site if 1t has been calibrated.
Thus, no additional equipment 1s needed (i.e.. portable
weight scales or balances). and the stones need not
be taken outside the stream for a measurement to be
made

Although the 6th order polynormal equation
showed the best predicuve ability of all equations
tested, polynomuals over the third order are rarely
used as predictive equations in the biological sciences
(Sokal & Rohlf. 1981) tor statistical reasons The tn-
nomial equation was better able to predict measured
surface area than any non-polynomial type of equa-
tion tested here, and we recommend 1ts use when rock
displacement values fall within the limits of our study
(0 2-5.75 1). However, the trinomial equation 18 not
reliable for predictive projections above this range.

We derived an expected surface area value for a
rock displacing a volume of 15 1 from observed re-
lationships between displacement and rock weight to
surface area. This expected surface area (3853 cm?)
was very simular to that predicted by the power equa-
t1on (3760 cm?), and thus we suggest 1ts use to provide
estimates of surface area from displacement measure-
ments above the limit of our study (greater than 5.75
1). If that arca were estimated using the trinomial equa-
tion, a result of approximately 35 000 cm? (nearly an
order of magnitude greater than that predicted by the
power equation and from rock weight to surface area
relationships) would be expected. We do not consider
the trmmomial equation’s vanation [or large stones a
critical farlure of the concept simce at higher values
than we measured the power equation appears to be
quite vseful. Additionally, one reaches a point where
manipulating a larger stone is dangerous or mmprac-
tical, and n such cases biologists are more likely to
simply sample a measured area.

Each mvestigator should test the suitability of this
method to their specific circumstances using the vari-
ety of rock types, shapes and sizes encountered dur-
ing their research study. We feel that the equations
provided here will be usetul to other researchers study-
ing quarried limestone in the same size and weight
category. Researchers who wish to study rocks of
different composition, size or weight range should
confirm the applicablity of these equations to their
matenal, or derive new equations suitable for their ap-
plication. Although our methods are for determination
of surface area estumates for whole rocks, research-
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ers may use the same method for partially embedded
rocks either by cstimating the percentage of the rock
that was not embedded or displacing only the poition
that was not embedded (often casily discerned visibly
after rock removal). Researchers should note that the
displacement method 1s not aggregative, 1.e., multple
rocks should not be submerged at once to obtain a
single total displacement in an attempt to obtain the
total surface area for the group of rocks. Also, the res-
ults obtained from the small number of sandstone and
granite rocks provided in this manuscript suggest only
a general imdication of sutability of these equations to
those types of rock

Conclusion

Immediate on-site totals of surface area for common
limestone riprap rocks can be produced with rock
weight or displacement volume measurements and a
handheld calculator, The relationship between rock
surface area and displacement displayed through our
research indicates that this techmque can be used to
facilitate field research for macromnvertebrate dens-
ity estimation, as well as other applications (such
as periphyton production calculations) where accur-
ate surface area estimates are needed. This facilitates
a more vahd scientific comparison of substrate since
some pre-determied or munimal quantity of surface
area can then be sampled efficiently and with confid-
ence. Because accurate surface arca estimates of rocks
can be achieved on site. there 1s no need to transport
these heavy items from the site (which not only alters
the habitat, but may also be illegal) Our method also
ehmnates the time consuming fo1l-wrapping method
of measurement that 1s cutrently being widely used.
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